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I. Structures
All the results are in good agreement with previously reported results.'

a. Hydroxycarbene (HC)

Sy geometry of cis-hydroxycarbene optimized at the MP2/aug-cc-pVTZ level
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Sy geometry of trans-hydroxycarbene optimized at the MP2/aug-cc-pVTZ level
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Dy geometry of cis-hydroxycarbene cation optimized at the MP2/aug-cc-pVTZ level
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S| geometry of hydroxycarbene optimized at the EOM-EE-CCSD/aug-cc-pVTZ level
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T, geometry of hydroxycarbene optimized at the EOM-EE-CCSD/aug-cc-pVTZ level
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b. Methylhydroxycarbene (MHC)

Sy geometry of cis-methylhydroxycarbene optimized at the MP2/aug-cc-pVTZ level

0.984 A

-1.
-1.
-1.
H -0.

I T NN IO
(]

Nuclear Repulsion Energy

MP2 energy

Sy geometry of trans-methylhydroxycarbene optimized at the MP2/aug-cc-pVTZ level

.1868344540
.9564841243
.1311852606

1343508851
7177732417
7177732417
9966195255

1.101 A
Tocc=180.0°

.1237451207
.0802177211
.6462793952
.1462742942
.1544954477
.1544954477
.2388428153

69.672121
-153.462104

1.092 A

Thocc=180.0°

-0.
Q.
-0.
Q.

-0.
-0.

Q.
-0.

Q.
-0.
-0.

2444137309
1044610699
1724375227
5354825511

0000000000
0000000000
0000000000
0000000000
8716029000
8716029000
0000000000

S3



N ITITITON
=

-0.
H -1.

.1574204338
.0964950192
.7253406425
.0584925919
.7253406425

1260902644
9251947395

Q.
0.
-0.
1.
-0.
-0.
-0.

Nuclear Repulsion Energy =

MP2 energy

Dy geometry of cis-methylhydroxycarbene cation optimized at the MP2/aug-cc-pVTZ level

I T NnhNnhITO
(O]

H -1.

Nuclear Repulsion Energy

MP2 energy

Dy geometry of trans-methylhydroxycarbene cation optimized at the MP2/aug-cc-pVTZ level
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S| geometry of methylhydroxycarbene optimized at the EOM-EE-CCSD/aug-cc-pVTZ level
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II. Singlet-Triplet Gaps

Table S1: Comparison of S-T gap energy (in kcal/mol) calculated in this work at the EOM-EE-
CCSD/aug-cc-pVTZ basis set with previously reported values.'*”

AE24iabatic i cal/mol) | This work Schreiner ef al.® | Matus et al.”
HC 24.61 27.97 25.3
MHC 29.20 30.64 30.5

“calculated using (aug)-cc-p(C)VXZ basis sets with coupled-cluster theory, incorporating triple
excitation and higher-order correlation effects at the CCSDT(Q) level.

®thermochemical calculation at CCSD(T)/aug-cc-pVnZ level of theory where n=D, T, Q, and 5,
extrapolated to the complete basis set limit.

III. Orbital Orientations in S;
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Figure S1: Representation of the orbitals at (i) planar and (i1) twisted geometries in the first
excited state of HC. The top row represents the stabilization of the singly occupied electron
deficient C orbitals by the O lone pairs. This stabilization can also be explained by using a
molecular orbital picture (bottom row), which demonstrates the change in the nodal planes upon
rotation about the CO bond.
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IV. EOM-EE Results

Table S2: Vertical singlet excitation energy computed with EOM-EE-CCSD/aug-cc-pVTZ. Five

A’ states (white) and five A” states (gray) are calculated.

a. HC
cis-HC trans-HC
States Energy | Oscillator Type of Energy | Oscillator Type of
(eV) Strength Excitation (eV) Strength Excitation
2TA° 5.34 0.025 3s—n (Ryd) 5.67 0.010 3s—n (Ryd)
3TA° 6.77 0.065 6.65 0.036
4TA 7.65 0.057 3p—n (Ryd) 751 0.089 3p—n (Ryd)
5TA° 8.14 0.026 8.23 0.033
6'A° 8.63 0.023 3den (Ryd) 8.86 0.008 3den (Ryd)
1'A” 3.08 0.010 m*n (Val) 3.05 0.009 m*n (Val)
2TA” 7.54 0.013 3p—n (Ryd) 7.54 0.026 3p—n (Ryd)
31A” 8.09 0.007 * —Ip(o) (Val) 9.57 0.007 * —Ip(o) (Val)
4'A” 9.81 0.002 3d«n (Ryd) 9.80 0.001
5TA” 10.08 0.005 3s— t (Ryd) 10.25 0.015 ki (R
b. MHC
cis-MHC trans-MHC
Oscillator Type of Oscillator Type of
States Energy Strength Excitation Energy Strength Excitation
2TA° 5.59 0.062 3s—n (Ryd) 5.47 0.007 3s—n (Ryd)
3TA° 6.42 0.065 6.37 0.023
4TA 6.74 0.124 3p—n (Ryd) 6.79 0.137 3p—n (Ryd)
5'A° 7.61 0.001 7.57 0.021
6'A° 7.68 0.024 3den (Ryd) 7.67 0.008 3den (Ryd)
1'A” 3.49 0.011 m*n (Val) 3.40 0.010 m*n (Val)
2TA” 6.75 0.042 3p—n (Ryd) 6.72 0.047 3p—n (Ryd)
3TA” 7.93 0.006 3d<—n (Ryd) 7.90 0.008
4TA” 8.00 0.000 | m*<lpo (Val) | 8.34 0.004 3den (Ryd)
5TA” 8.12 0.004 3d—n (Ryd) 9.06 0.011 *—lIp(o) (Val)
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V. NTOs
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Figure S2: Particle NTOs, and the hole NTO (labeled HOMO) for the lowest excited states of
cis-MHC (left) and cis-HC (right); their directional spatial extents in A are labeled as

(1) ({1),{1y),(1)); The orientation of the molecules has been kept the same in all pictures.
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